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Background: Learning strategies are considered a key aspect for academic performance not only for science,
technology, engineering and mathematics (STEM) students. Refining their assessment thus constitutes a worthwhile
research purpose. The aim of this study is to examine the 69-item LIST questionnaire (ZDDP 15:185-200, 1994) with
the aim of shortening it while keeping its factor structure and thus its potential for describing learning behaviour
and for identifying significant changes therein. This includes exploring if reduced scales remain internally reliable,
both in terms of reliability measures and content, and to examine if they stay sensitive enough to capture
developments in a pre-post design.
Results: Our cohorts consist of STEM students (N = 2374) from different engineering courses at Ruhr-Universität
Bochum in Germany, typically predominantly males, some with insufficient background in mathematics or non-native
speakers of German. The data was analysed using various statistic methods, e.g. reliability measurement and
confirmatory factor analysis. Our findings show that about half of the original items (36 out of 69) are sufficient,
reliability holds (Cronbach’s α > 0.7) and more variance is explained (56.17 % as compared to 45.65 %). Most
content-related changes occurring when eliminating so many items survive critical scrutiny.
Conclusions: The study shows that it is possible to refine and considerably shorten the LIST questionnaire to the
effect that all but one factor are kept intact. This will simplify future research enormously. Furthermore, the
refined factor structure suggests reconsidering the postulate of metacognition as an easily accessed facet of
learning behaviour—thus implying promising research perspectives.
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In science, technology, engineering and mathematics
(STEM) education, the passage from secondary to tertiary
education is considered problematic, which is especially
true regarding the challenges students encounter when be-
ing confronted with university mathematics (cf. Gueudet
2008; Henn et al. 2010). Students’ failure rates in STEM
fields and particularly in engineering subjects are alar-
mingly high in many countries. In Germany, for instance,
almost 48 % of engineering students fail in their first year
of university studies (Heublein et al. 2012). In relation to
other subjects, the gap between school and university
mathematics seems to be extremely high and causes diffi-
culties for students taking mathematics courses. The* Correspondence: birgit.griese@rub.de
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(http://creativecommons.org/publicdomain/zerobstacles can be categorized in three categories, thus stres-
sing the wide range of aspects: epistemological and cogni-
tive difficulties, sociological and cultural difficulties and
didactical difficulties (de Guzmán et al. 1998). Their dra-
matic character is depicted in the word “abstraction shock”,
referring to the fact that university mathematics is adding a
formal world to the mathematics encountered at school
(e.g. Artigue et al. 2007; Tall 2004). The challenge of under-
standing (and influencing) how the learning of mathemat-
ics at university works is often addressed by the use of
cognitive development theories, as mathematics is com-
monly regarded as a rational and cognitively demanding
subject (cf. Dreyfus 1995). Studies therefore often elaborate
on cognitive difficulties and conceptual obstacles experi-
enced by students in how mathematics is communicated
to them (Artigue et al. 2007), particularly referring to the
formal level of university mathematics and the prevalent
role of proofs (Selden and Selden 2005).distributed under the terms of the Creative Commons Attribution 4.0
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ics requires more than a talent for abstract thought and
formalities; it needs a combination of general skills and at-
titudes such as self-organisation, perseverance and frustra-
tion tolerance, as well as subject-specific abilities and
meta-level capacities (cf. Pintrich et al. 1993; Weinstein
and Palmer 2002; Wild and Schiefele 1994). It is interest-
ing to detect in how far school leavers possess these differ-
ent features, how these improve during the first year at
the university and, importantly, what can be done to effi-
ciently encourage their development. Students’ meta-level
learning behaviour is crucial, taking account of the words
of de Guzmán et al. (1998) who state:
Students’ success is linked to a great extent to their
capacity of developing “meta-level” skills allowing
them, for instance, to self-diagnose their difficulties
and to overcome them, to ask proper questions to
their tutors, to optimize their personal resources, to
organize their knowledge, to learn to use it in a better
way in various modes and not only at a technical level.
(p. 760)
Thus, a promising perspective is provided by exploring
general and meta-level skills in terms of learning strategies
(e.g. Wild 2005; Rach and Heinze 2011), whose investiga-
tion allows for revealing both the cognitive dispositions as
well as affective barriers and pathways—and finally the
interrelations between them.
Numerous research and instruction projects that at-
tend to these issues can be found in many countries (cf.
Dunn et al. 2012). The causality between adequate learn-
ing strategies and successful learning seems well estab-
lished (for example, cf. Erdem Keklik and Keklik 2013).
Depending on the specific research interest, previous
studies have different emphases, for example, affective
aspects or problem-solving skills. Most of these studies
include data collection via questionnaires. To meet the
challenge of assessing learning strategies appropriately,
in the past, questionnaires were developed aiming at
capturing different facets of these skills. In this paper, we
report on refining and adapting one commonly used
German questionnaire for assessing students’ learning
strategies. Our research is dedicated to gaining a reliable
and valid instrument that simultaneously allows for
making good economic sense. Often, research is not re-
stricted to merely capturing students’ learning strategies
but also includes interventions, leading to a pre-post de-
sign with repeated surveys, so one essential goal lies in
keeping the load for students within reasonable limits.
All data was collected within the scope of the design-
based research study MP2-Math/Plus/Practice, which fo-
cuses on supporting engineering students in mathematics
(cf. Griese et al. 2013; Dehling et al. 2014). Among otherissues, the project aims at supporting those with insuffi-
cient learning strategies and motivation by attempting to
remedy these obstacles. To reveal the influence of the pro-
ject interventions, the study draws on capturing students’
learning strategies and their development in the first se-
mester at university.
Learning strategies
Learning strategies as indications for learning behaviour
Recently, Blömeke et al. (2015) contributed to modelling
competence “as a process, a continuum with many steps
in between” (p. 7). In particular, they emphasized the fol-
lowing perspective:
Thus, we suggest that trait approaches recognize the
necessity to measure behaviorally, and that behavioral
approaches to competence recognize the role of
cognitive, affective and conative resources. At this
time, we encourage research on competence in higher
education emanating from either perspective and
paying attention particularly to the steps in between.
(Blömeke et al. 2015, p. 7)
Accordingly, in the paper at hand, learning strategies
are understood as all kinds of planned and conscious
learning behaviour and the attitudes behind it, involving
observable actions (e.g. solving tasks, asking questions,
taking notes) as well as thought processes (e.g. planning,
reflecting) on the basis of both cognitive and affective-
motivational dispositions. This extends to the lack of
planning and conscious actions as it also presents a
characteristic of an individual’s learning strategy.
Research on the significance of learning strategies in
mathematics education has its roots in contributions
highlighting the role of affect, motivation and beliefs (cf.
McLeod 1992, as a starting point), as all cognitive pro-
cesses involve affective stances that moderate the tension
between modes of intuitive and analytical thinking (e.g.
Fischbein 1987; Stavy and Tirosh 2000). In particular,
the theory of dual processes in cognitive psychology has
been adapted to mathematics education, and the role of
affective variables has been pointed out in this context
(e.g. Evans 2007). These perspectives provide fresh views
on learning processes and have done much to reach a
deeper understanding of the obstacles involved. Findings
reveal that students’ cognitive reflection, as a metacogni-
tive variable, their beliefs about mathematics, and their
self-efficacy, are all correlated positively and significantly
with mathematical achievement (Gómez-Chacón et al.
2014). There is also evidence that metacognition impacts
positively on learning strategies which in turn influences
achievement (Griese et al. 2011).
In summary, it can be said, therefore, that this has led to
a fortified interest in certain kinds of learning strategies.
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and affective barriers with the help of meta-skills, e.g. self-
regulation, has become an important issue. What is more,
mathematics demands the use of effective planning as well
as organized and consistent work (cf. Rach and Heinze
2011). More than many other subjects, mathematics is
cognitively challenging and needs motivational persever-
ance, thus representing an ideal research area for the in-
fluence of interventions addressing learning strategies,
both on a general and a meta-level. However, the goals
when assessing students’ learning behaviour in science are
various: taking an inventory, describing the development,
comparing or improving learning behaviour (cf. Lovelace
and Brickman 2013), and so are the research interests, in
mathematics, popularly performance prediction or the
identification of at-risk students. Apart from more time-
consuming methods, this has led to a great variety of
questionnaires in many languages.
Questionnaires for assessing learning strategies
Questionnaires with different focal points (according to
the background of the authors and their research inter-
ests) originate from this variety (cf. Pintrich et al. 1993;
Weinstein and Palmer 2002). Schellings (2011) gives a
comprehensive overview from an international and a
Dutch perspective. Though her work is based on the
text-heavy learning of history, the general categories of
learning behaviour can be applied to other subjects as
well. Differentiating between motivational and cognitive
aspects when dealing with learning strategies is a widely
accepted concept (cf. Nenniger 1999) and is in keeping
with the understanding of affective aspects as a key
issue.
In the following, approaches to capture learning strat-
egies which have influenced subsequent research funda-
mentally will be outlined. The selection includes only
those which reflect the importance of affective and motiv-
ational issues. Pintrich et al. (1993) developed a question-
naire “to measure college undergraduates’ motivation and
self-regulated learning” (Artino 2005, p. 3), the Motivated
Strategies for Learning Questionnaire (MSLQ). The MSLQ
measures motivation and self-regulated learning in general
and for a particular course by means of six motivation
and nine learning strategies subscales. Initially, Pintrich
and De Groot (1990) started by postulating a five latent
factor structure comprising expectancy, value, affect,
learning strategies and self-regulation. The items that were
developed for operationalizing these constructs later
formed the basis for the 15 subscales mentioned above.
MSLQ has been applied in many research studies
(Duncan and McKeachie 2005), partly aiming at develop-
ing a new conceptualization with respect to the signifi-
cance of the single sub-scales (Dunn et al. 2012; Hilpert
et al. 2013). MSLQ’s reliability has proved “robust”, and itspredictive validity to actual course performance is consid-
ered “reasonable” (Pintrich et al. 1993, p. 801).
The Approaches to Studying Inventory (ASI) by
Entwistle and Ramsden (1983) and its refinements
(ASSIST by Tait et al. 1998, ALSI by Entwistle and
McCune 2004) feature the main distinction of catego-
rizing learning behaviour as being of either strategic
(deep) or of apathetic (surface) approach. The dichotomy
forms the inventory’s two main factors which in turn
contain up to 16 subscales, depending on the version of
the questionnaire. Although the authors do not group
their items into motivational and (meta-)cognitive scales,
the object of research is nearly identical to that of MSLQ
users. A specific feature of ASI and its variations is the
idea to measure not only the desired learning behaviour
(strategic approach) but also what is hypothesized as less
success-oriented (apathetic approach). This produces a
multifarious picture of learners’ behaviour.
Another well-known instrument to capture students
learning strategies is the Learning and Study Strategies
Inventory (LASSI) by Weinstein and Palmer (2002).
LASSI covers thoughts, behaviours, attitudes and
beliefs in relation to successful learning that can also be
fostered by interventions. Its ten scales are classed
into affective strategies, goal strategies and comprehen-
sion monitoring strategies, thus covering cognitive,
metacognitive (particularly, self-regulative), affective
and motivational aspects. LASSI is not only used for
research purposes but is also recommended to students
to use for themselves in order to get feedback on their
strengths and weaknesses. LASSI’s reliability coeffi-
cients (Cronbach’s α) for its different scales are
reported to score between 0.86 and 0.68, the lowest
often being considered insufficient (Weinstein et al.
1987). Its validity to academic performance depends on
the specific scale, e.g. Cano (2006) found, using multiple
regression, that two scales (namely Affective Strategies and
Goal Strategies) contributed to academic performance,
whereas one (Comprehension Monitoring Strategies) did
not.
All questionnaires described so far resort to self-
assessment of student behaviour. It must be conceded
that this entails the weakness that “the learner’s percep-
tions of his or her strategies are measured” (Schellings
2011, p. 94), which need not coincide precisely with the
strategies themselves. In this context, it is interesting to
compare self-reported learning behaviour (especially
concerning metacognition) to the results gained with
other methods, e.g. Thinking Aloud (David 2013). When
it comes to affective aspects, however, the learner’s sub-
jective perspective is what counts. Other problems, like
assessing the sufficiency or efficiency of study time or ef-
fort, might be harder to overcome. In our context, be-
ginner students might initially judge their efforts as
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school), but later rate them as inadequate (when their
frame of reference has shifted after some months at uni-
versity). This can result in a seeming decrease, although
objectively, they have actually increased their efforts.
Particularly in pre-post designs, this must be taken
into account when interpreting results. Some authors
thus favour using a retrospective pretest data design to
measure programme effectiveness (Nimon et al. 2011;
Lam and Bengo 2003) which is easily applicable to inven-
tories measuring learning strategies.
LIST inventory
For our research at Ruhr-Universität Bochum in Germany,
the decision fell for the German LIST questionnaire
(Learning Strategies at University, Wild and Schiefele
1994), which is based on the same classification as
MSLQ and takes up aspects from LASSI as well. LIST
was invented for measuring learning strategies of
medium generality, between learning styles and learn-
ing tactics (Wild 2000). The instrument distinguishes
between cognitive, metacognitive and resource-related
learning strategies and comprises dimensions of learn-
ing strategies grouped accordingly. This mirrors the ac-
ceptance of this taxonomy in the German-speaking
community (Wild 2000). Just like its English predeces-
sors, this approach originates from educational research
and thus is not subject-specific. However, in STEM
education, the instruments are frequently used to assess
students’ learning behaviour on a general level while
combining the results with subject-related measures
(Lovelace and Brickman 2013). The LIST questionnaire
for measuring learning strategies in academic studies
was first compiled in the 1990s (Wild and Schiefele
1994) and has since been modified and tested several
times. LIST has been applied in the context of many
subjects, mathematics among them (cf. Liebendörfer
et al. 2014, for an overview), with overall satisfying re-
sults with regard to reliability (Wild and Schiefele 1994
found Cronbach’s α between 0.64 for Metacognition
and 0.90 for Attention) and validity (Wild 2000, 2005).
In the following, we explore in detail how the LIST
takes up scales and items from MSLQ and LASSI, in
order to understand its origins and to illustrate its
structure.
Apart from Motivation, the scales from LIST are de-
rived directly from MSLQ, although the number of items
varies. Some items in LIST are translations of MSLQ
items. In addition to LIST, MSLQ seems very differenti-
ated in terms of motivation, it sports six Motivation scales
(Intrinsic Goal Orientation, Extrinsic Goal Orientation,
Task Value, Control of Learning Beliefs, Self-Efficacy for
Learning and Performance, Test Anxiety) comprising 31
items. LIST does not have items with the label Motivationas such, but LIST’s six items on Attention (which are all
reverse coded) and eight items on Effort more or less
cover this aspect, for example, “I work late at night or at
the weekends if necessary”. And other LIST scales, in par-
ticular, the resource-related ones, are meant to measure
the degree of motivation a student possesses when prepar-
ing for an important exam, with items like “I fix the hours
I spend daily on learning in a schedule”. The main differ-
ence between the two questionnaires is that MSLQ puts
more emphasis on including different aspects of motiv-
ation as Goal Orientation or Control of Learning Beliefs.
For LIST, on the other hand, the aim was to clearly keep
apart cognitive and motivational aspects.
LASSI (Weinstein and Palmer 2002) also separates
cognitive aspects but has much less communalities with
LIST. LASSI scales partly cover the same contents
though holding different names, e.g. Concentration and
Attitude (LASSI) compared to Attention (LIST). The
numbers of items in a scale are different, too: there are 3
to 8 in LIST (if Metacognitive Strategies are divided into
three scales, 4 to 8 if not), 3 to 12 (3 to 8) in MSLQ, and
a constant 8 items in all LASSI scales. This results in
considerable differences in analogous scales between
LIST and MSLQ: LIST has 31 in Cognitive Strategies
whereas MSLQ has 19 in the respective scales. Accord-
ing to the inventors of LIST, scales were expanded in
order to reach better reliability (Wild 2000). All three
questionnaires use Likert scales, ranging from five points
(LIST) over six (LASSI) to seven (MSLQ). An overview
on how LIST is based on MSLQ and LASSI is provided
in Table 1.
As the comparison of sub-scales and items of the three
instruments reveals, there are ample reasons for aiming
at compactifying and balancing LIST, particularly when
planning to use it with large samples. One side of the
coin is receiving a reliable and valid instrument to access
learning strategies. However, the next thing to consider
is that the distribution, filling in and collection of the
LIST questionnaire in a lecture hall holding several hun-
dred students lasts almost 30 min, precious time that
both lecturers and students would rather spend on
mathematics. In addition, many studies aim at assessing
learning strategies in a pre-post design at least twice,
meaning that the drop-out rate is a serious issue to con-
sider in any study design. That is, if there were a possi-
bility to reduce the time to 15 min, participants’
cooperation would be easier to gain.
Study perspectives and research questions
The purpose of the project MP2-Math/Plus/Practice is
to support engineering students in their first year at the
university by enhancing their learning strategies and
motivation. The length of MP2-Math/Plus/Practice, which
has completed its fifth year, permits to change the project
Table 1 Synoptic table for LIST’s roots in MSLQ and LASSI (item numbers)
LIST MSLQ LASSI
Critical Checks (8) Critical Thinking (5)
Elaborating (8) Elaboration (6) Information Processing (8)
Organizing (8) Organization (4) Selecting Main Ideas (8)
Repeating (7) Rehearsal (4)
Attention (6) Motivation Attitude (8)
Effort (8) Effort Regulation (4) Concentration (8)
Learning Environment (6) Time / Study Environment Management (8)
Time Management (4) Time Management (8)
Peer Learning (7) Peer Learning (3)
Reference (4) Help Seeking (4) Study Aids (8)




Griese et al. International Journal of STEM Education  (2015) 2:12 Page 5 of 12interventions according to the principles of educational
design research (cf. McKenney and Reeves 2012). The fact
that MP2-Math/Plus/Practice employs the LIST question-
naire in a pre-post design allows for conducting meta-
analyses and prompted the study at hand which aims at
exploring if the LIST questionnaire can be shortened
while keeping the factor structure comparable to the ori-
ginal, and therefore its potential for describing learning
strategies and significant changes therein:
(RQ 1): Do reduced LIST scales remain internally reli-
able both in terms of reliability measures and content?
(RQ 2): Are the reduced scales still sensitive enough to
capture developments in a pre-post design?
The evaluations of the MP2-Math/Plus/Practice inter-
ventions, in which the results gained from LIST play an
important role, are not the focus of this paper. They
will address more content-related and less technical is-
sues, e.g. in what respect students modify their learning
strategies and to what extent this can be influenced by
the project interventions (for more details, see Griese
et al. 2011). We restrict ourselves to refer to MP2-
Math/Plus/Practice only so far as information is needed
to pursue the final goal of gaining a more workable ver-
sion of LIST, making future research easier.
Methods
Participants of the study
LIST has been used for different groups of students from
various backgrounds reading all sorts of subjects. Our
research focuses on engineering students in their first se-
mester at the university. Out of the students questioned,
77.70 % are males, 22.30 % females. The average age is
Mage = 20.34 years (SDage = 2.22 years). Almost one quar-
ter (24.85 %) of the students have a first language differentfrom German. Only 60.86 % of them attended an ad-
vanced course in mathematics at school, and no more
than 57.55 % went to the preparation course in mathemat-
ics at the university prior to their engineering course.
Moreover, 20.33 % of the students neither took part in an
advanced mathematics course at school nor did they visit
the preparation course at university. These last character-
istics classify the academic qualifications of a substantial
number of students for the chosen subject of engineering
as insufficient.
Study design and instruments
In order to study the development of learning strategies, a
pre-post design was decided upon, the post questionnaire
consisting of identical items in retrospect, presented in
the past tense. The questionnaires were distributed during
the break or at the end of the mathematics lecture and
collected on-site after completion. This lecture covers
what is considered basic mathematics: linear algebra,
differential and integral calculus. The approach is axio-
matic, with an emphasis on calculation. On the whole,
proofs are presented in the lectures but not tested in the
examination. The pre-test took place around the second
week of the regular lectures; the post-test around the sec-
ond last week.
The modification of the original LIST used in the re-
search at hand is minimal: the scale Critical Checks
was eliminated as it did not seem appropriate for
mathematics at the beginning of the university. The items
referring to the use of reference works were reworded in
order to relate to digital sources as well. A new starting
item (I study for my courses) was introduced but not used
for evaluation—and consequently not included in the fol-
lowing countings of items, which starts at 69 for the
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usually prefer five-point Likert scales, we opted for a four-
point Likert scale (with poles very rarely and very often) in
order to get more concise results.
With respect to data collection, the number of filled-in
questionnaires varied immensely, see Table 2. In addition
to that, some questionnaires were incomplete. Despite
all this, well over 2000 data sets were collected. Before
starting on shortening LIST69, it underwent exploratory
and confirmatory factor analysis as well as tests for in-
ternal reliability. This was expected to set the limits for
the refining process, as less input cannot carry more
information, i.e. unreliable or inconclusive scales in
LIST69 were not manipulated to become and well-cut
and clear in shorter versions.
Process of data analysis
The objective of shortening LIST69 while keeping as
much of the original scales as possible was conducted as
follows, balancing consideration of content with statis-
tical calculations: in a first step, the complete sample of
data from 2011/2012 until 2013/2014 (N = 2374) was
randomly split in half. The first half (N = 1187) was used
to reduce the questionnaire by calculating Cronbach’s α
values for each original scale, including how they would
develop when single items were left out. Thus, a scale
was shortened by eliminating the item whose deletion
yielded the best alpha. This process was repeated as long
as the alphas stayed good (>0.7), preferably until there
were only half as many items as before, in order to pro-
duce a perceptible pruning. The shortened scales were
tested on the second half of the sample (N = 1187),
meaning their Cronbach’s α values were calculated as
well. This complete process was repeated three times for
three different random splits of the sample, thus enab-
ling an assessment for the stability of the process, in
order to minimize the risk of coincidental results. Three
rounds also mean that in case of incongruent results, a
tendency might be detected.
As a second step, the shortened version of LIST69
(named LIST45 as it contained 45 items) then under-
went tests on a second half of the sample, i.e. a principal
component analysis (PCA) to explore its structure,
followed by some minor changes in item deletion andTable 2 Number of LIST69 questionnaires (60 or more items
answered)
Pre Post
2011 / 2012 345 (231) 103 (99)
2012 / 2013 421 (376) 254 (233)
2013 / 2014 955 (780) 296 (253)
Sum 1721 (1387) 653 (585)
Total 2374 (1972)further PCA as well as confirmatory factor analysis
(CFA). The results were compared to the results of PCA
and CFA of LIST69 from before, including model fit.
Slight modifications of factor descriptions and changes
in the loadings of single items onto factors were ex-
pected. As the pre and post scores would be explored
separately, Cronbach’s α values for single questionnaires
were calculated from the complete sample as well as a
further test for scale reliability.
The aim of researching the development of learning
strategies demands further investigation into whether
significant developments can be identified with the help
of the shortened questionnaire. For this purpose, the
item scores of each scale were combined using the
formula 100/3 · [1/n · (x1 +… + xn) − 1] = 100/3 · ( x − 1),
which renders values between 0 and 100 for a four-point
Likert scale (n = number of items in the scale; scale
scores under 25 describing rare use, between 25 and
under 50 infrequent use, between 50 and under 75
regular use, 75 or more continual use of the learning
strategies). Using LIST69 and the reduced data, the dif-
ferences of means of these combined scores were calcu-
lated in dependent t-tests (listwise exclusion of cases,
level of significance 0.05).
Results
The exploration of LIST69 identified the subscales of
Metacognition (Planning, Monitoring and Regulating)
as problematic, as all three had Cronbach’s α < 0.7
from the beginning. Thus, it was only possible to treat
it as a complete scale where the eleven items rendered
α = 0.728. PCA of LIST69 was conducted with orthog-
onal rotation (varix) and pairwise exclusion of cases
on the complete sample. The chosen rotation takes into
account that from the construction of LIST, the scales are
expected to be unrelated. The Kaiser-Meyer-Olin (KMO)
measures proved good, KMOLIST69 = 0.913, attesting the
sample adequacy. All KMO values for individual items
were greater than 0.76, which meets the accepted limit
of 0.5. Bartlett’s test of sphericity χ2LIST69 (2346) =
37,916.098, pLIST69 = 0.000 indicated that correlations
between items were sufficiently large for PCA. For
LIST69, 13 components had eigenvalues over Kaiser’s
criterion of 1 and in combination explained 50.59 % of
variance. Traditionally, the LIST questionnaire is ex-
pected to render 10 scales (12 if Metacognition is
regarded as having subscales Planning, Monitoring and
Regulating), whereas in our case, Kaiser’s criterion of
extracting as many components as have eigenvalues >1
renders more. Extraction of ten factors in LIST69 resulted
in explaining 45.65 % of variance. All this hints that the
intended factor structure should be reconsidered.
The first step of reduction of the questionnaire was
expected to lead to a distinct and reliable reduction of
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dom splits. In effect, in seven scales, the reductions were
identical in all three random splits. For three scales
(Elaborating, Metacognition and Time Management),
the reductions suggested that two out of the three ran-
dom splits were chosen. As expected, when reducing
the number of items in a scale, the α values suffer
(see Table 3), due to the square of this number being a
factor in their calculation. For Attention, however, the α
profits from the reduced scale, an improvement which
will have to pass the test with regard to content—as all
scales must. On the whole, the shortened version of
LIST69, LIST45, yields acceptable and often good α
values, considering the nature of its items (self-report-
ing rather than testing) and the drastically reduced the
number of items. They are all exactly in the range sug-
gested by the analyses of the split sample, which once
more hints at the stability of the procedure.
However, some items remained problematic in both
versions of the questionnaire. The Metacognition items
did not form a separate scale. This is in keeping with
the results of other research (cf. Wild 2000), and the
items were therefore candidates for deletion. The items
from the Metacognition subscale, Planning, consistently
loaded on the same component as Time Management,
prompting a fresh inspection of this new scale. This
lead to further deletion of items following the proced-
ure described above, which quickly revealed all four
Planning items as obsolete. Repeating items did not sat-
isfy either; the items loaded on different scales. Not
surprisingly, the Monitoring item that mentions fellow
students (monitoring 4, see Additional file 1) loads on
Peer Learning.
The PCA prompted the reduction to 36 items (keeping









Time Management 4 .76
Learning Environment 6 .70
Peer Learning 7 .78
Using Reference 4 .77
Total 69Metacognition items) in a new questionnaire corres-
pondingly named LIST36, which was expected to yield
nine factors that exactly match nine out of the ten scales
from the original LIST69 (all but Metacognition). A
subsequent PCA of LIST36 (varimax rotation, pairwise
exclusion of cases, number of factors set to be 9, KMO-
LIST36 = 0.821, all KMO values ≥ 0.617, χ
2
LIST36 (630) =
9340.628, pLIST36 = 0.000 resulted in Table 4 (for a sec-
ond half of the randomly split sample) which illustrates
how neatly the items load onto the remaining nine factors.
Together, these factors explain 56.17 % of variance
(whereas, extraction of ten factors in LIST69 only ex-
plained 45.65 % of variance, see above). The Cronbach’s α
values are >0.7 without exception. This raises hopes for an
imminent improvement of the instrument. The reduction
to LIST36 also solves the problem of multicollinearity
which exists in LIST69 (where the determinant of the
correlation matrix is 1.151 × 10−9 for the complete sam-
ple, cf. Field 2009, p. 660), as it brings the determinant
up to 8.765 × 10−5, meeting the criterion of exceeding
10−5.
All in all, the deletions show slight variations to our
first attempt at refining the LIST questionnaire (cf.
Griese et al. 2014), when we achieved a version with 32
items and slightly worse alphas, using data from earlier
project years. As a side project, oblique rotation (dir-
ect oblimin) was also tried: the results stay the same,
meaning that the same items load on the same factors
as strongly as in orthogonal rotation, the same amount
of variance is explained; and the structure matrix does
not reveal any disturbing interconnections between
the components.
To judge the development of the model fit, a compara-
tive fit index (CFI) and two badness-of-fit indices (root
mean square error of approximation (RMSEA) andata sets
LIST45
N #items α N
1605 3 .74 1969
1606 5 .73 1816
1646 6 .72 1702
1513 9 .71 1603
1556 5 .70 1751
1663 3 .82 1899
1901 3 .71 1956
1721 5 .72 1775
1664 3 .77 1915
1920 3 .73 1971
45
Table 4 Summary of PCA for LIST36, item loadings <0.4 suppressed, N = 1187

















































Percentage of variance 16.52 7.20 6.38 5.75 5.38 4.53 3.86 3.46 3.08












Table 5 Fit indices for CFA for original and shortened
questionnaires
CFI RMSEA SRMR χ2(df) p
LIST69 0.8001 0.0420 0.0523 11464.87(2211) 0.00
LIST45 0.8419 0.0448 0.0466 5191.93(900) 0.00
LIST36 0.8364 0.0556 0.0495 4644.44(558) 0.00
Table 7 Overview of content-related aspects of item deletions
Scale Summary of content-related aspects of
item deletion
Organizing The deletions are acceptable (e.g. the aspect
of structuring subject matter to make it easier
to remember is contained in orga2 and orga3).
However, compiling one’s own lists is not
included anymore—but writing your own
summaries is
Elaborating The deletions seem particularly appropriate for
engineering students, who are either explicitly
taught the connections to their other subjects
and courses, or they do not stand a chance to
discover them on their own
Repeating The deletion only concerns one item rather
referring to texts (reciting paragraphs) which
does not fit to mathematics very well
Metacognition The deletions can be regarded as critical, as
here we find aspects that are neither covered
by other scales nor is their depth reflected
anywhere else, see text for details
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lated to balance for complexity of the model, sample size
and robustness against violations of the underlying dis-
tribution (Table 5), revealing acceptable model fit in the
shortened questionnaires (cf. Schreiber et al. 2006).
What is more, LIST36’s scales are quite stable in the sin-
gle pre and post surveys conducted in the course of the
study; out of the 54 Cronbach’s α values (nine scales in six
surveys) only a few were <0.7, none were <0.6 (see Table 6).
The comparison of t-tests between the pre and post
data of the project years was meant to reveal if the
shortened questionnaire kept the significance of the ori-
ginally used one, and also if there were scales that never
produced significant differences. From the data available,
it can be deduced that (a) the trends are always identical
in the long and shortened questionnaires, (b) no signifi-
cant developments are lost and (c) there were only two
exceptions concerning significance of developments, i.e.
Organizing in project year 2011/2012 where LIST36
changed the level of significance from 0.118 in LIST69
to under the customary level of 0.05 and similarly for
Peer Learning in 2013/2014. Additional file 1 gives all
LIST items in detail (translation from German by the
first author), arranged by scale, with indications of dele-
tion. Table 7 provides an overview of the evaluation of
item deletions.
For the metacognitive scales Monitoring and Regulat-













Organizing 0.72 0.77 0.71 0.77 0.70 0.79
Elaborating 0.67 0.74 0.75 0.72 0.67 0.74
Repeating 0.69 0.78 0.65 0.72 0.71 0.69
Effort 0.68 0.76 0.70 0.70 0.70 0.62
Attention 0.76 0.89 0.80 0.75 0.81 0.85
Time
Management
0.63 0.66 0.73 0.70 0.69 0.77
Learning
Environment
0.71 0.72 0.74 0.77 0.71 0.72
Peer
Learning
0.77 0.78 0.79 0.72 0.74 0.82
Using
Reference
0.66 0.73 0.76 0.70 0.71 0.78mirrored in Effort, though more superficially. One item
in Monitoring (monitoring 4, see Additional file 1) can
well be associated with Peer Learning, as it contains
interacting with fellow students as much as it contains
testing oneself. The metacognitive scale Planning, whose
close connection to Time Management was obvious
from the data analysis, nevertheless stresses substantial
planning rather than simple timing. Its deletion means
losing a more effective and more reflected learning
strategy. It is doubtful, though, if techniques of this
depth can be recorded well in a quick and self-reporting
questionnaire. All in all it can be said that deleting the
metacognitive scales must be regarded critically.
Discussion
Investigations into an approved and validated question-
naire originally designed to explore learning strategiesEffort This scale does not lose its focus on
perseverance but a more concrete
manifestation of this attitude, namely working
late and long hours. Comparing one’s learning
time with others’, though, measures not only
objective effort but also subjective self-
confidence and seems problematic in terms of
multidimensionality
Attention The six original items are paraphrases of each
other, so that deleting half of them does not
result in any loss of information, as the high
Cronbach’s α for this scale shows (cf. Table 6)
Time Management,
Using Reference
The deleted items are mirrored in those kept
Learning Environment,
Peer Learning
The deletions seem unexciting. The deleted
item about always sitting at the same place
when studying does not match students’
reality well, as most have places of study at
home and meet fellow students on campus.
The same applies to comparing notes with
fellow students in times of digital uploads
Griese et al. International Journal of STEM Education  (2015) 2:12 Page 11 of 12in general have led to a shorter version consisting of
only 36 of the original 69 items, which will make it eas-
ier to ensure students’ cooperation for further research.
LIST36 was developed using the data from research
into STEM students’ learning strategies and mirrors
nine out of the ten scales in LIST69 and has proven its
reliability and its factors explain more variance. In
addition, the shortened questionnaire appears as suit-
able for use in pre-post designs as its predecessor. If
the differences in pre and post scores are a valid meas-
urement for competence, development at all has to be
viewed critically, though, as individual reference frames
may have shifted. Furthermore, the validity in connec-
tion with academic performance will have to be further
explored in our future research. Another point is that
the generalizability of the new instrument will need to
be tested on other populations than engineering stu-
dents, as some of the content-related issues might be
weighted differently for different groups of students.
Leaving aside the numerous calculations, it is nonethe-
less important to take a close look at which items have
suffered deletion, if they contain any specific content
that might get lost in the scale or if they involve a shift
in content focus. For our purposes, we can keep in mind
that we are dealing with first year engineering students
and their learning of mathematics, which on the one
hand makes some deletions acceptable but which, on the
other hand, also represents a limitation. It still needs to
be tested if the findings from our sample of first year en-
gineering students can be generalized.
To avoid problems stemming from inter-language or
inter-cultural differences, it seemed wise to use a German
questionnaire in our research, although a transfer to an-
other country and language can present a test for a ques-
tionnaire’s validity. International cooperation has been
effected with colleagues from Spain (cf. Gómez-Chacón
et al. 2015, accepted for CERME9), showing that LIST
keeps its qualities when being used in another country:
After being translated into English and then into Spanish,
the cognitive and metacognitive scales from LIST kept
their reliability, an indication for the questionnaire’s uni-
versal applicability.
In addition to this, it has become apparent that some
of our initial assumptions about the impact and measur-
ability of metacognitive behaviour of STEM students
might be incorrect, thus guiding further research to-
wards other ways of examining this concept. This aspect
represents a point that might interest researchers from
other areas, as metacognition and its measurability often
are popular research interests.
Conclusions
Depending on the purpose of the individual study, it might
still be advisable to keep the Metacognition items in thequestionnaire for further tests as the decision to consider
deleting all of them was a hard one. Our research into the
interventions of the project MP2-Math/Plus/Practice itself
had been planned to keep a close eye on metacognitive
learning strategies, hypothesizing that they make the differ-
ence when it comes to successful learning behaviour. How-
ever, the results of our analysis show that the characteristics
formerly believed to be separate from more technical learn-
ing strategies actually load on already existing factors, and
there they do not even contribute relevantly. One logical
conclusion might be that metacognitive dispositions are la-
tent factors which work in the background and become ap-
parent only in other learning strategies—where they can
then be measured accordingly. Another explanation could
lie in the nature of the data acquisition used: metacogni-
tive reflections might be inappropriate for being measured
in self-assessing printed questionnaires. Other forms of
procuring data, for example, from interviews, video-
graphed peer discussions, classroom observations, flash
interviews, reflective essays or learning diaries, might
prove more adequate. Further research is required, and
our data collected from interviews, learning diaries and
other sources will be used for this purpose.
Additional file
Additional file 1: LIST questions (pre). Items (item names) deleted for
LIST36.
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